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Abstract
lnteraction between hydrogen isotopes and ZrC powder was examined at 873 K
and pressure fTrom 0.89 to 99 Pa. Reversible absorption and release of hydrogen isotopes
were obseⅣed. The equilibrium concentrations of hydrogen isotopes in the above
pressure range were fTrom 82 to 120 mol ppm; the pressure dependence observed was
much weaker than that expected from Sieverts'law. The diffusivity of hydrogen was
evaluated to be 5xl0-16 m2･S-1 by assuming that powder particles were spherical with
diameters of lトLm.
1. Introduction
Zirconium carbide, ZrC, is a potential candidate of coatlng material for fuel
particles in high temperature gasICOOled reactors l1]. Hydrogen production from water
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by thermoIChemical processes is one of the main objectives of the development of this
type of nuclear reactor [2]. The contamination or product hydrogen by tritium produced
by temary fission of uranium is a critical issue fわr this application l3], and hence the
permeability of hydrogen isotopes through coating materials has to be carefully
evaluated. It isknownthat ZrC in carbon deficient composition, ZrCl_X, absorbs
hydrogen 【4】. The solubility of hydrogen isotopes at/near stoichiometric composition,
however, has been scarcely reported. In addition, no data on dimlSivity lS available in
literature.
The authors have previously carried out hydrogen absorption experiments fわr
Tic having near-stoichiometric compositionand successfully evaluated difnlSion
coefficients of hydrogen in a temperature range fTrom 773 to 973 K l5]･ In the present
study, the absorption and desorption of hydrogen and deuterium by ZrC were examined
by the similar teclmique at 873 K and pressure fTrom 0.89 to 100 Pa･ The diffusion
coefficient was evaluated from absorption curves.
2. Experimental
Specimen used in the present study was powder of ZrC supplied by K亘iundo
Chemical Laboratory Co., Japan. The nominal purlty Of the specimen was 95%･
According to the supplier, the main impurity was Hf. The specimen powder was
analyzed by X-ray diffraction (XRD) beforeand after hydrogen absorption experiments･
The size distribution of powder particles were examined with a scannlng electron
microscope (SEM).
The hydrogen absorptlOn experiments were carried out at 873 K uslng a
vacuum叩paratuS Which was similar one used in the previous study [6]･ The specimen
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powder of 2 g was installed in a quartz tube attached to the apparatus and heated in
vacuum for degasslng. Elevation of specimen temperature resulted in slgnificant release
of gas whose mass number was 28, i. e. CO and/or N2. The specimen temperature was
raised gradually to keep the pressure in the apparatus lower than 10-3 pa･ The degasslng
was stopped when the pressure in the apparatus became lowerthan10･5 pa at 1373 K･
Then, absorption or hydrogen (or deuterium) was examined in a closed vacuum system,
in which the hydrogen absorption was indicated by pressure drop [6]. The initial
pressure of H2 (Or D2) gas was adjusted to be 5.2 or 105 Pa,andthe specimen
temperature to be 873 as described above. The rate of hydrogen absorption was
evaluated fTrom the change in pressure with time. After the attainment of equilibrium,
the specimen was cooled down to room temperature,and H2 gas remalnlng ln gas Phase
was evacuated by a turbo-molecularpump. Then the apparatus was isolated again fTrom
the pump,and the specimen was heated to 873 K in a closed system to examine
desorptlOn.
3.Results
3.1 Characteristics of Specimen Powder
Fig･ 1 shows XRD pattem of powder particles a洗er hydrogen absorption
experiments as an example. No significant difference was observed between the powder
under as-received conditions and a洗er hydrogen abso叩tion experiments. All peaks in
the XRD pattem could be assigned to ZrC (NaCI structure)and Si added as an intemal
standard; no peaks of other phases such as metallic Zr and Zr oxides were obseⅣed. The
lattice parameter of ZrC was evaluated to be 0.4696 nm. Fig. 2 shows SEM micrograph
of the specimen powder. Majority ofparticles was in a range of size fTrom 0.5 to 3トIm.
29
波多野雄治･野崎天生･本間啓史･松山政夫
The size of 55 particles was measured randomly, and the average value of particle size
was evaluated to be 1.6トLm.
3.2 Hydrogen Absorption
Figs. 3 (a) and (b) shows typical examples of the absorption curves obtained at
initial H2 Pressure Of 5･2and 105 Pa, respectively･ In the fわrmer case, the majority of
introduced H2 Was absorbed by the specimen powder, while only small portion was
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Fig. 1 XRD 1)attem OfZrC 1)OWder.　　Fig. 2　SEM micrograph ofZrC powder･
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Fig･ 3　Typical examples ofH2 absorptlOn Curves at 873 K and initial pressures of
5.2 Pa(a) and 105 Pa(b).
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dissolved in the latter case･ The equilibriumpressures of H2 in these absorpt10n
experiments were l･l and 99 Pa, respectively･ The extent of pressure reduction
corresponded to H concentration in ZrC of 82 and 120 mol ppm ([H]/[ZrC] - 8.2×10~5
or 1.2×10~4).
The correlation between hydrogen concentration in ZrC and gas pressure is
shown in Fig･ 4 together withthe data obtained by absorption experiments with D2and
desorption experiments･ The results of desorption experiments agreed well with those of
absorption experiments･ This observation suggests that ZrC reversibly absorbsand
releases hydrogen isotopes･ In other words, ZrC can pemeate hydrogen isotopes under
gradient of chemical potential of hydrogen isotopes･ The solubility of deuterium was
comparable to that of hydrogen･ The number of data polntS, however, is not enough to
derive decisive conclusion
on the isotope effect.
Further investlgation is
necessary to understand
the solubility of tritium.
One o ∫ the
important features of
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Fig. 4　Pressure dependence ofH or D concentrations
in ZrC.
31
波多野雄治･野崎天生･本間啓史･松山政夫
Fig･ 4 is very weak pressure dependence of hydrogen concentration･ Although the
pressure of hydrogen was v∬ied by two orders of magnitude, the concentration of
hydrogen in ZrC increased only by factor 1.5. Such weak pressure dependence canbe
explained by the saturation of the sites f♭r hydrogen dissolution at high pressure (99 Pa)･
Results of neutron diffraction analysis for ZrCo 62Do.28 Showed that both deuterium and
carbon atoms occupied octahedral sites of FCC type arrangement of Zr atoms l7]･ In
other words, deuterium occupleS Carbon vacancies in this system･ Samsonow and
Morosow l4] examined the hydrogen absorption of ZrCl_X and reported that the
concentration of absorbed hydrogen roughly corresponded to the amount of carbon
vacancy･ For examples, ZrCo64and ZrCo 81 absorbed hydrogen up to ZrCo.64Ho31 and
ZrCo.81Ho.12, respectively. Their observations also indicate the occupancy of carbon
vacancies by hydrogen atoms. Hence, it is appropriate to consider that hydrogen and
deuterium　occupied carbon vacancies also in the present specimen,and the
concentration of hydrogen under 99 Pa H2 (120 mol ppm) roughly con･espond to that of
carbon vacancies･ Measurements of pressure-composition isothe-s of Tic-H system
∬e cu汀ently under progress. In this system, hydrogen concentration under equilibrium
obeyed Sieverts'law at H2 Pressure below 10 Pa but ceased to increase in higher
pressure range (～ 1000 Pa) at the concentration close to that of carbon vacancy
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evaluated by chemical analysis･ Detailed results in Tic-H system will be reported in a
separate paper･
The present results lead to two important predictions･ First, solubility of tritium,
and consequently permeability, should be reduced by the reduction in the carbon
vacancy concentration･ Second, the measurement of solubility or hydrogen isotopes is a
sensitive method to determine the concentration of carbon vacancy, especially in a low
concentration range where precise measurement by chemical analysis is impossible･ It is
known that ZrC contains certain concentration of carbon vacancies even under
coexistence of elemental carbon [8,91. The concentration of carbon vacancy may
influence not only on the transport of tritium but also on that of other hazardous fission
products･ Hence, it is important to develop the techniques to controland evaluate the
concentration of carbon vacancies in ZrC. Further investigation is necessary to derive
decisive conclusions on the correlation between carbon vacancy concentration and
solubilities of hydrogen isotopes in ZrC.
The rate-limltlng Step Of hydrogen absorptlOn Was evaluated in the mamer
described in the previous paper [5]. All absorption cuⅣes indicated that the rate-limiting
step is the bulk diffusion process･ The diffusion coefficient of hydrogen D in ZrC was
evaluated by fitting the solution of dimlSion equation to the absorption curves obtained
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at initial pressure of 105 Pa by assumlng that the powder particles are spherical with
diameters of 1 pm for simplicity･ The surface concentration of hydrogen was assumed to
be constant during the absorptlOn Since the extent of pressure change was small as
mentioned above･ Under such conditions, the amount of absorbed hydrogen at time t, Mt,
is described as [10]
芝- l一芸n!.吉exp(-Dn2方2t/a2,,　　(.,
where a is the radius of powder particle･ The result of fitting is shownin Fig･ 5･ The
experimentallyl0btained absorption curve was well reproduced at D - 3xl0-16 m2･S-I.
Fig･ 6 shows the comparison with the values of hydrogen diffusivity in Tic obtained in
the previous study･ The obtained value of diffusion coefficient of hydrogen in ZrC is
close to that in TiC･ It is necessary to examine the dependence of diffusivity on the
carbon vacancy concentration.
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Fig･ 5　Example offitting ofEq. (1) (line)
to absorptlOn CuⅣe COrreSpOnding
to Fig. 3 (b) (dots).
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Fig･ 6　Comparison between di仇ISion
coeff cients of hydrogen in ZrC
and Tic.
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4. Conclusions
The absorpt10nand release of hydrogen isotopes by ZrC powder was examined
at 873 K and pressure fTrom 0.89 to 99 Pa. Reversible absorptlOn and release of
hydrogen isotopes were obseⅣed. The equilibrium concentrations of hydrogen isotopes
in the above pressure range were fTrom 82 to 120 mol ppm; the pressure dependence
obseⅣed was much weaker than that expected丘om Sieverts'law. Such weak pressure
dependence was attributed to the saturation of carbon vacancies by hydrogen isotopes at
highpressure. The diffusivity of hydrogen was evaluated to be 5xlO116 m2･S-1from
absorpt10n Curves.
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